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Methods of Forming Backside Connections on a Wafer Stack 

FIELD OF THE INVENTION 
[0001] The invention relates generally to wafer bonding and, more particularly, to 
methods of forming backside connections on a wafer stack. 

BACKGROUND OF THE INVENTION 
[0002] Wafer bonding is the joining together of two or more semiconductor wafers 
upon which integrated circuitry has been formed to form a three-dimensional wafer stack. 
The wafer stack is subsequently diced into separate "stacked die," each stacked die 
having multiple layers of integrated circuitry. Wafer stacking technology offers a 
number of potential benefits, including improved form factors, lower costs, enhanced 
performance, and greater integration through "system-on-chip" solutions. System-on- 
chip (SOC) architectures formed by wafer stacking can enable high bandwidth 
connectivity of products - e.g., logic circuitry and dynamic random access memory 
(DRAM) - that otherwise have incompatible process flows. There are many applications 
for wafer stacking technology, including high performance processing devices, video and 
graphics processors, high density and high bandwidth memory chips, as well as the 
above-noted SOC solutions. 

[0003] An example of a typical wafer stack 100 comprising two bonded wafers is 
illustrated in FIGS. 1 A and IB. A plan view of the wafer stack is shown in FIG. 1 A, and 
a cross-sectional elevation view is shown in FIG. IB. Referring to these figures, the 
wafer stack 100 includes a first wafer 101 and a second wafer 102, each of the wafers 
101, 102 comprising a substrate 110, 120, respectively. The substrate 110, 120 of each 
wafer 101, 102 typically comprises a semiconductor material, such as Silicon (Si), 
Gallium Arsenide (GaAs), or SiGe. Integrated circuitry for a number of stacked die 105 
has been formed on each of the wafers 101, 102, and the wafer stack 100 is ultimately cut 
into these separate stacked die 105. The integrated circuitry for each stacked die 105 
includes a number of active devices 1 12 (e.g., transistors, capacitors, etc.) formed on the 
substrate 1 10 of first wafer 110 and a number of active devices 122 formed on the 
substrate 120 of second wafer 120. 
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[0004] Disposed over a surface of first wafer 101 is an interconnect structure 1 14, 
and disposed over a surface of the second wafer 102 is an interconnect structure 124. 
Generally, each of the interconnect structures 1 14, 124 comprises a number of levels of 
metalization, each layer of metalization separated from adjacent levels by a layer of 
dielectric material (or other insulating material) and interconnected with the adjacent 
levels by vias. The dielectric layers of interconnects 114, 124 are often each referred to 
as an "interlay er dielectric" (or "ILD"). The metalization on each layer comprises a 
number of conductors (e.g., traces) that may route signal, power, and ground lines to and 
from the integrated circuitry of each die 105, and this metalization comprises a 
conductive material, such as Copper or Aluminum. Formed on an uppermost ILD layer 
of interconnect 1 14 are conductors 116 and, similarly, formed on an uppermost ILD layer 
of interconnect 124 are conductors 126. The first and second wafers 101, 102 are bonded 
together by metal-to-metal bonds between the conductors 116, 126 on their uppermost 
interconnect layers, respectively. Alternatively, the first and second wafers 101, 102 may 
be bonded using an adhesive. 

[0005] Ultimately, the wafer stack 100 will be cut into a number of separate stacked 
die, as noted above. To couple each stacked die with a next-level component (e.g., a 
package substrate, a circuit board, a motherboard, another integrated circuit device, a 
computer system, etc.), a number of leads are provided for each die. For a flip-chip type 
package - employing, for example, Controlled Collapse Chip Connection (or "C4") 
assembly techniques - the number of leads comprises an array of solder balls (or 
columns). The array of solder balls is electrically coupled with a mating array of leads 
(e.g., lands, pads, etc.) formed on the next-level component. 

[0006] Construction of leads on the wafer stack 100 is illustrated in FIG. 1C. The 
first wafer 101 has been thinned down at a backside 1 1 1 of substrate 110, and a layer of 
dielectric material 150 has been deposited over the substrate's backside surface. A 
number of vias 113 have also been formed, each of the vias 113 extending through the 
dielectric layer 150 and wafer substrate 110 and, further, into the interconnect structure 
114. A layer of dielectric material 1 17 (or other insulating material) has been formed on 
the walls of each via 113, and a conductive material (e.g., Copper) 118 has been 
deposited within each via 113 over dielectric layer 117. The conductive material 1 18 in 
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each via 1 13 extends to one of the ILD layers of interconnect structure 1 14, where the 
conductive material forms electrical contact with one of a number of conductors 1 15 in 
that ILD layer. Leads 1 19 (e.g., solder balls or other connection elements) are then 
deposited on the conductive material 1 18 at the backside 1 1 1 of the first wafer 101, and 
these connection elements 105 along with conductive material 1 18 in vias 113 provide 
electrical connections to a next-level component. 

[0007] Note that, in FIGS. IB and 1C, only a limited number of active devices 1 12, 
122, conductors 1 16, 126, and vias 113 (with conductive material 118 and leads 119) are 
shown for ease of illustration and clarity. However, those of ordinary skill in the art will 
appreciate that, in practice, the integrated circuitry associated with each stacked die 105 
may include millions or even tens of millions of active devices 1 12, 122 and, further, that 
interconnect structures 114, 124 may include tens or even hundreds of conductors 116, 
126 in their uppermost ILD layers, respectively. Similarly, those of ordinary skill in the 
art will appreciate that each stacked die 105 of wafer stack 100 will, in practice, include 
dozens of backside connections (e.g., vias 113 with conductive material 118 and leads 
119). 

[0008] As illustrated in FIG. 1C, at least some of the vias 1 13 - and the conductive 
material 1 1 8 deposited therein - are misaligned relative to the conductors 1 15 in 
interconnect structure 1 14. This misalignment between vias 113 and conductors 115 
results from a lack of precise alignment during formation of the vias 113. Due to the 
opaqueness of wafer substrate materials, as well as to equipment and process constraints, 
it is difficult to establish precise registration - and, hence, accurate alignment - between 
structures formed at the backside 1 1 1 of wafer 101 (e.g., vias 113) and structures formed 
on the wafer's opposing side (e.g., conductors 115 within interconnect structure 1 14). 
The misalignment between vias 113 and the conductors 115 of interconnect structure 114 
may cause poor electrical connections to be formed between the conductors 115 and the 
conductive material 1 18 in vias 113, which can negatively affect device performance and 
lower production yields. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0009] FIGS. 1A-1C are schematic diagrams illustrating an example of a 
conventional wafer stack. 

[0010] FIG. 2 is a block diagram illustrating an embodiment of a method of forming 
backside electrical connections on a wafer stack. 

[0011] FIGS. 3A-3M are schematic diagrams illustrating embodiments of the method 
of forming backside electrical connections on a wafer stack, as shown in FIG. 1. 
[0012] FIGS. 4A-4B are block diagrams illustrating another embodiment of a method 
of forming backside electrical connections on a wafer stack. 

[0013] FIGS. 5A-50 are schematic diagrams illustrating embodiments of the method 
of forming backside electrical connections on a wafer stack, as shown in FIGS. 4A-4B. 
[0014] FIGS. 6A-6B are block diagrams illustrating a further embodiment of a 
method of forming backside electrical connections on a wafer stack. 
[0015] FIGS. 7A-7K are schematic diagrams illustrating embodiments of the method 
of forming backside electrical connections on a wafer stack, as shown in FIGS. 6A-6B. 

DETAILED DESCRIPTION OF THE INVENTION 
[0016] Disclosed are embodiments of a method of forming backside connections on a 
wafer stack. In the disclosed embodiments, vias for backside connections are formed 
from a wafer's front side prior to bonding with a second wafer, and misalignment of the 
vias resulting from an inability to achieve adequate registration between features formed 
on opposing sides of the wafer is, therefore, minimized. Various embodiments of this 
method of forming backside connections on a wafer stack are disclosed in the block 
diagrams of FIGS. 2, 4A-4B and 6A-6B, respectively. 

[0017] Turning now specifically to FIG. 2, illustrated is an embodiment of a method 
200 of forming backside connections on a wafer stack. The embodiments of the method 
200 shown in FIG. 2 are further illustrated in the schematic diagrams of FIGS. 3 A 
through 3M, and reference should be made to these figures as called out in the text. 
[0018] Referring initially to FIGS. 3 A and 3B, a first wafer 301 is illustrated. A plan 
view of the wafer 301 is shown in FIG. 3 A, and a cross-sectional elevation view of the 
wafer 301 is shown in FIG. 3B. First wafer 301 comprises a substrate 310 upon which 
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integrated circuitry for a number of die 305 has been formed, each die 305 comprising 
one layer of a stacked die. The wafer 301 (or wafer stack, as described below) is 
ultimately cut into these separate devices. As shown in FIG. 3B, the integrated circuitry 
for each die 305 may include a number of active devices 312 (e.g., transistors, capacitors, 
etc.) formed on substrate 310. Wafer 301 is typically circular in shape, as shown in FIG. 
3 A, but may be of any suitable shape or configuration. In one embodiment, the substrate 
3 10 comprises a Silicon substrate (e.g., a single-crystal Silicon substrate). However, it 
should be understood that the substrate 310 may comprise any other suitable 
semiconductor material, such as Silicon-on-Insulator (SOI), Gallium Arsenide (GaAs), 
Germanium (Ge), SiGe, etc. 

[0019] Referring to block 205 in FIG. 2, a first interconnect structure is formed on a 
first wafer. This is illustrated in FIG. 3C, where a first interconnect structure 314a has 
been formed on a "front" surface 31 la of the first wafer substrate 310. Generally, the 
interconnect structure 314a comprises a number of levels of metalization, each layer of 
metalization separated from adjacent levels by a layer of dielectric material (or other 
insulating material) and interconnected with these adjacent levels by vias. The dielectric 
layers of interconnect 314a are often each referred to as an "interlay er dielectric" or 
"ILD", as noted above. In one embodiment, the ILD material comprises Silicon Dioxide 
(Si02). However, it should be understood that each ILD layer may comprise any other 
suitable dielectric or insulating material, such as SiOF, a Carbon-doped Oxide (CDO), a 
glass (e.g., a spin-on glass), or a polymer (e.g., a spin-on-polymer). The metalization on 
each layer comprises a number of conductors (e.g., traces) that may route signal, power, 
and ground lines to and from the integrated circuitry of each die 305, and this 
metalization comprises a conductive material. In one embodiment, this conductive 
material comprises Copper, but it should be understood that the metalization in 
interconnect structure 314a may comprise any other suitable conductive material, such as 
Aluminum (Al), Gold (Au), Silver (Ag), etc. First interconnect structure 314a may be 
constructed using any suitable fabrication methods, such as a dual damascene technique 
or a single damascene technique. 

[0020] Referring to block 210 in FIG. 2, a number of vias are formed that extend 
through the first interconnect structure and into the first wafer. This is shown in FIG. 3D, 
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where a number of vias 330 have been formed, each via 330 extending through the first 
interconnect structure 3 14a and into the first wafer substrate 310. The vias 330 extend 
into the substrate 310 to a depth wherein, upon thinning of substrate 310 at the wafer's 
backside 31 lb (described below in greater detail), the vias 330 will be exposed and 
visible from the backside 31 lb. The vias 330 will ultimately be used to form backside 
connections for the die 305 (or stacked die), as well be explained below. The vias 330 
may be formed using any suitable photolithography and etching processes. In one 
embodiment, the vias 330 have a depth of between 5 jam and 35 (am. It will, however, be 
appreciated by those of ordinary skill in the art that the upper bound on the depth of vias 
330 is generally a function (at least in part) of the aspect ratio that can be achieved by the 
equipment and processes employed and, further, that deeper vias may be achieved. 
[0021] It should be noted that, in some instances, "dummy" vias may be formed 
through the first interconnect 314a and into first wafer substrate 310. Dummy vias, 
which will not be used to form backside electrical connections, are often formed at 
various selected locations in order to maintain process uniformity, and numerous dummy 
vias may be distributed across the first wafer 301 . Thus, it should be understood that, 
ultimately, not all of the vias 330 are necessarily utilized for establishing backside 
electrical connections. 

[0022] An oxide material (or other insulating material) is then deposited in each of 
the vias, as set forth at block 215. This is illustrated in FIG. 3E, where an oxide material 
340 has been deposited in each of the vias 330, this oxide material 340 forming an "oxide 
plug." The oxide material 340 may comprise any suitable oxide or other insulating 
material that can be deposited over the ILD material in first interconnect 3 14a and over 
the material of wafer substrate 310. The oxide material 340 should also be amenable to 
etching, such that a via can be formed within each oxide plug, as will be described below 
in greater detail. In one embodiment, the oxide material comprises Si0 2 . However, it 
should be understood that the oxide material may comprise any other suitable oxide 
material (e.g., SiOF) and, further, that the plugs 340 may comprise other insulating 
materials, including nitrides such as Silicon Nitride (Si 3 N 4 ), carbides such as SiC, as well 
as polymer materials. The oxide material 340 may be deposited using any suitable 
deposition technique. In one embodiment, the oxide material is deposited using a blanket 
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deposition technique, such as chemical vapor deposition (CVD), sputtering, or another 
thin film deposition technique. A subsequent planarization process (e.g., chemical 
mechanical polishing, or CMP) or an etching process is performed to remove excess 
oxide material from surfaces of the uppermost ILD layer in the first interconnect structure 
314a, leaving the oxide material in vias 330. In another embodiment, the oxide plugs are 
deposited in the vias 330 using a selective deposition technique. 
[0023] As set forth at block 220, a second interconnect structure is formed over the 
first interconnect structure and the vias. This is illustrated in FIG. 3F, where a second 
interconnect structure 314b has been formed over the first interconnect structure 314a, as 
well as over the vias 330 and oxide plugs 340. The second interconnect structure 314b 
may be similar to first interconnect structure 314a, and second interconnect structure 
314b generally comprises a number of levels of metalization, wherein each layer of 
metalization is separated from adjacent levels by a layer of dielectric material (or other 
insulating material) and is interconnected with these adjacent levels by vias. In one 
embodiment, the ILD layers of second interconnect 314b comprise SiC>2, but in other 
embodiments, the ILD layers comprise another suitable dielectric or insulating material, 
such as SiOF, CDO, a glass, or a polymer. The metalization on each layer comprises a 
number of conductors (e.g., traces) that may route signal, power, and ground lines to and 
from the integrated circuitry of each die 305, and in one embodiment, the metalization 
comprises Copper. However, in other embodiments, the metalization comprises another 
suitable conductor, such as Aluminum, Gold, Silver, etc. Second interconnect structure 
3 14b may be constructed using any suitable fabrication methods (e.g., dual damascene, 
single damascene, etc.). Note that the vias 330 and oxide plugs 340 - and, ultimately, the 
backside electrical connections for the wafer stack - may extend to any desired ILD layer 
in the interconnect structure (i.e., first and second interconnect structures 314a, 314b) of 
the first wafer 301. 

[0024] As shown in FIG. 3F, the metalization in second interconnect structure 314b 
includes conductors 315. Each conductor 3 1 5 is disposed on an ILD layer of second 
interconnect structure 3 14b that is adjacent to one of the oxide plugs 340, and each 
conductor 315 is in contact with (or at least in close proximity with) the oxide plugs 340. 
The conductors 315, in conjunction with vias that are to be formed through oxide plugs 
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340, as explained below, will be used to form backside electrical connections for each die 
(or stacked die) 305. Because the second interconnect structure 314b and conductors 315 
are formed from the same side of wafer 301 as the vias 330 and oxide plugs 340 (i.e., the 
front side 311a), registration and alignment between conductors 315 and the oxide plugs 
340 is readily achieved. As noted above, in some conventional wafer bonding processes, 
backside connections are formed by creating vias from the opposing side (i.e., the "back" 
side) of the wafer, wherein it is difficult to achieve alignment between these vias and 
structures on the wafer's front side. The metalization in second interconnect structure 
3 14b also includes conductors 316 formed on an uppermost ILD layer thereof. The 
conductors 316 will be used for bonding the first wafer 201 with a second wafer, as is 
also described below. 

[0025] Also shown in FIG. 3F is a second wafer 302 that is to be bonded with the 
first wafer 301 . Second wafer 302 comprises a substrate 320 upon which integrated 
circuitry for a number of die (i.e., a number of die corresponding to the number of die 
305 on first wafer 301) has been formed, each die comprising one layer of a stacked die. 
The integrated circuitry for each die on second wafer 302 may include a number of active 
devices 322 (e.g., transistors, capacitors, etc.) formed on substrate 320. The first and 
second wafers 301, 302 will be joined to create a wafer stack, as described below, and 
this wafer stack may ultimately be cut into a plurality of separate stacked die. Each of the 
singulated stacked die may then be packaged (e.g., attached to a package substrate, 
coupled with a heat sink, encapsulated, etc.) to form a packaged integrated circuit device. 
[0026] Second wafer 302 is typically circular in shape (e.g., see FIG. 3A), but may be 
of any suitable shape or configuration. In one embodiment, the first and second wafers 
301, 302 have the same shape; however, in another embodiment, these wafers have 
differing shapes and/or configurations. In one embodiment, the substrate 320 of second 
wafer 302 comprises a Silicon substrate (e.g., a single-crystal Silicon substrate), but it 
should be understood that the substrate 320 may comprise any other suitable 
semiconductor material (e.g., SOI, GaAs, Ge, SiGe, etc.). In one embodiment, the first 
and second wafers 301, 302 comprise the same material, and in a further embodiment, the 
first and second wafers 301, 302 comprise different materials. Also, although the wafers 
301, 302 may be fabricated using substantially the same process flow, in another 
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embodiment, the wafers 301, 302 are fabricated using different process flows. In one 
embodiment, one of the wafers (e.g., wafer 301) includes logic circuitry formed using a 
first process flow, and the other wafer (e.g., wafer 302) includes memory circuitry (e.g., 
DRAM, SRAM, etc.) that is formed using a second, different process flow. Thus, as will 
be appreciated by those of ordinary skill in the art, the disclosed embodiments are 
applicable to any type of wafer or combination of wafers - irrespective of size, shape, 
material, architecture, and/or process flow - and, as used herein, the term "wafer" should 
not be limited in scope to any particular type of wafer or wafer combination. 
[0027] Disposed over a surface of the second wafer's substrate 320 is an interconnect 
structure 324. Generally, the interconnect structure 324 comprises a number of levels of 
metalization, each layer of metalization separated from adjacent levels by an ILD layer 
and interconnected with these adjacent levels by vias. In one embodiment, the ILD 
material in interconnect 324 comprises Silicon Dioxide (Si0 2 ); however, it should be 
understood that each ILD layer may comprise any other suitable dielectric or insulating 
material (e.g., SiOF, CDO, a glass, or a polymer). The metalization on each layer 
comprises a number of conductors (e.g., traces) that may route signal, power, and ground 
lines to and from the integrated circuitry of each die on wafer 302. In particular, the 
metalization in interconnect structure 324 includes conductors 326 formed on an 
uppermost ILD layer thereof, and the conductors 326 will be used for bonding the second 
wafer 302 with first wafer 301, as suggested above. The metalization of interconnect 324 
comprises a conductive material, and in one embodiment, this conductive material 
comprises Copper. However, in other embodiments, the metalization comprises another 
suitable conductive material (e.g., Aluminum, Gold, Silver, etc.). The interconnect 
structure 324 may be constructed using any suitable fabrication methods, such as a dual 
damascene technique or a single damascene technique. 

[0028] At this juncture, it should be noted that, in each of FIGS. 3B through 3F (as 
well as FIGS. 3G-3M, 5A-50, and 7A-7K), only a limited number of active devices 312, 
322, vias 330 (and oxide plugs 340), and conductors 316, 326 are shown for ease of 
illustration and clarity. However, as will be appreciated by those of ordinary skill in the 
art, the integrated circuitry associated with each die of both wafers 301, 302 may, in 
practice, include tens of millions, or even hundreds of millions, of active devices 312, 
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322 and, further, that interconnect structures 314b, 324 may include several hundred of 
the conductors 316, 326 in their uppermost ILD layers, respectively. Similarly, those of 
ordinary skill in the art will appreciate that each stacked die to be formed from wafers 
301, 302 may, in practice, include hundreds of backside connections (e.g., which are to 
be formed at vias 330). Thus, it should be understood that FIGS. 3B through 3F (and 
FIGS. 3G-3M, 5A-50, and 7A-7K) are simplified schematic representations of the wafers 
301, 302 presented merely as an aid to understanding the disclosed embodiments and, 
further, that no unnecessary limitations should be drawn from these schematic 
representations. 

[0029] Referring now to block 225 in FIG. 2, the first wafer is bonded to a second 
wafer. This is illustrated in FIG. 3G, where the first wafer 301 has been bonded with the 
second wafer 302 to form a wafer stack 300. The first and second wafers may be aligned 
and bonded together using any suitable bonding apparatus and using any suitable joining 
process. In one embodiment, the first and second wafers 301, 302 are joined by metal-to- 
metal bonds formed between the conductors 316 on the uppermost ILD layer of first 
wafer 301 and the conductors 326 on the uppermost ILD layer of second wafer 302, as 
shown in FIG. 3G. The metal-to-metal bonds (e.g., Copper-to-Copper bonds) between 
the conductors 316, 326 may be created using any suitable bonding technique (e.g., 
diffusion bonding). In another embodiment, the first and second wafers 301, 302 are 
bonded together using an adhesive bonding process. 

[0030] As set forth at block 230, the backside of the first wafer is thinned down to 
expose the vias and oxide plugs. This is illustrated in FIG. 3H, where the first wafer 301 
has been thinned down at the wafer's backside 311b, thereby exposing the vias 330 and 
oxide plugs 340 in substrate 310. Any suitable process may be employed to thin the 
backside 31 lb of first wafer 301, including chemical mechanical polishing (CMP), 
grinding, or etching. 

[0031] With reference to block 235, a layer of dielectric material is deposited over the 
first wafer's backside and the oxide plugs. This is shown in FIG. 31, where a layer of 
dielectric material 350 has been formed over the first wafer's backside 31 lb and the 
oxide plugs 340. The dielectric layer 350 functions as an insulating and/or barrier layer 
between the first wafer's substrate 310 and the backside connections that are to be formed 
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on the wafer stack 300, as will be explained in greater detail below. In one embodiment, 
the dielectric material 350 comprises an oxide (e.g., Si0 2 ). However, it should be 
understood that the dielectric material may comprise any other suitable insulating 
material, such as a nitride (e.g., Si 3 N 4 ) or a carbide (e.g., SiC). The dielectric material 
may be deposited using any suitable thin-film deposition technique, such as CVD, spin- 
on, or sputtering, as well as others. 

[0032] As set forth at block 240, vias are then formed through the dielectric layer and 
the oxide plugs. This is illustrated in FIG. 3 J, where a number of vias 360 has been 
formed, each via 360 extending through the dielectric layer 350 and, further, through one 
of the oxide plugs 340. The walls of each via 360 comprise the oxide material 340 
deposited in the outer vias 330 that were originally formed from the first wafer's front 
side (i.e., the portion of oxide plugs 340 not removed during formation of vias 360). 
Each via 360 extends down through its corresponding oxide plug 340 to one of the 
conductors 315 in the second interconnect structure 314b. Any suitable photolithography 
and etching processes may be employed to create the vias 360. 

[0033] Note that, after thinning of the first wafer 301 , the vias 330 and oxide plugs 
340 will be visible from the first wafer's backside 31 lb. These visible oxide plugs 340 
and vias 330 can be used by the processing equipment for registration and alignment. 
Thus, in one embodiment, after thinning of the first wafer's backside, the visible features 
(e.g., vias 330 and/or plugs 340) exposed by wafer thinning are used by the processing 
equipment to perform registration and alignment, as set forth at block 290. Accordingly, 
alignment of the first wafer 301 (or wafer stack 300) within the processing equipment can 
take place prior to formation of the vias 360 and, therefore, alignment between the vias 
360 and the oxide plugs 340 (and underlying vias 330) is readily achieved. As used 
herein, "registration" is a process of locating a feature (e.g., a via 330 and/or oxide plug 
340) that identifies a known reference point, or "home" position, on the workpiece (i.e., 
wafer 301 or wafer stack 300), and "alignment" is a process of aligning the processing 
equipment to that reference point with a desired degree of accuracy. 
[0034] In one embodiment, after formation of the vias extending through the 
dielectric layer and oxide plugs, trenches for lands (or other connection pads) are formed, 
as set forth at block 245. This is illustrated in FIG. 3K, where trenches 365 for lands 
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have been formed. Each trench 365 is generally located coincident with one of the vias 
360, and the trenches 365 will subsequently be filled with a conductive material to form 
lands (to receive connection elements), as will be described below. Trenches 365 may be 
formed using any suitable photolithography and etching processes. In an alternative 
embodiment, the trenches 365 are formed prior to formation of the vias 360. 
[0035] Referring next to block 250, a conductive material is deposited in each of the 
vias and trenches. This is shown in FIG. 3L, where a conductive material 370 has been 
deposited in each of the vias 360 and, further, within each of the trenches 365 to form a 
land 375. The conductive material 370 may comprise any conductive material that can 
be deposited on the oxide material 340 and the dielectric material 350 and, further, that 
can be electrically coupled with the conductors 315 in second interconnect structure 
314b. In one embodiment, the conductive material 370 comprises Copper. However, it 
should be understood that any suitable conductive material can be deposited in the vias 
360 and, in other embodiments, the conductive material 370 comprises another suitable 
conductor, such as Aluminum, Gold, Silver, etc. The conductive material 370 may be 
deposited using any suitable deposition technique. In one embodiment, the conductive 
material is deposited using a blanket deposition technique, such as CVD, sputtering, or 
other thin film deposition technique. A planarization process (e.g., CMP) or an etching 
process is then performed to remove excess conductive material from surfaces of the 
dielectric layer 350. In another embodiment, the conductive material is deposited in the 
vias 360 using a selective deposition technique (e.g., electroplating, electroless plating, 
etc.). 

[0036] Connection elements are then deposited on the lands, as set forth at block 255. 
This is also illustrated in FIG. 3L, which shows connection elements 380 disposed on the 
conductive material 370 of lands 375. Connection elements 380 may comprise any 
suitable leads, such as spherical balls, columns, and the like. In one embodiment, the 
connection elements 380 comprises an array of conductive balls or columns providing for 
a flip-chip, C4 connection scheme. The connection elements 380 may comprise any 
suitable conductive material that is deposited using any suitable process. For example, 
the connections elements 380 may comprise a solder (e.g., a Lead (Pb) and Tin (Sn) 
alloy), Copper, or Tin. When the wafer stack 300 is ultimately cut into separate stacked 
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die, the connection elements 380 enable each stacked die to be connected with a next- 
level component (e.g., a package substrate, a circuit board, a motherboard, another 
integrated circuit device, a computer system, etc.). 

[0037] In an alternative embodiment, the connection elements 380 are formed by 
continued deposition of the conductive material 370 (i.e., the connection elements 380 
comprise the same conductive material as is deposited in the vias 360 and trenches 370). 
In this embodiment, a mask layer is deposited over the dielectric layer 350, and the 
conductive material 370 is deposited using a blanket deposition technique, such as CVD, 
sputtering, or other thin film deposition technique. An etching process is then performed 
to remove excess conductive material (and the mask layer) from surfaces of the dielectric 
layer 350. For this embodiment, the conductive material 370 may again be deposited 
using a selective deposition technique (e.g., electroplating, electroless plating, etc.). 
[0038] In another embodiment of the method 200, which is set forth at blocks 260 
and 265 in FIG. 2, after formation of vias through the dielectric layer and oxide plugs, 
conductive material is simply deposited in the vias (i.e., no trenches and lands are 
formed), which is set forth at bock 260. This is illustrated in FIG. 3M, where a 
conductive material 370 has been deposited in each of the vias 360. Again, the 
conductive material 370 may comprise any conductive material that can be deposited on 
the dielectric material 350 and the oxide material 340 and, further, that can be electrically 
coupled with the conductors 315 in second interconnect structure 314b. In one 
embodiment, the conductive material 370 comprises Copper, but it should be understood 
that any suitable conductive material can be deposited in the vias 360 and, in other 
embodiments, the conductive material 370 comprises another suitable conductor (e.g., 
Aluminum, Gold, Silver, etc.). Deposition of the conductive material 370 is then 
continued to form connection elements, which is set forth at block 265. This is also 
illustrated in FIG. 3M, which shows connection elements 380 formed from the 
conductive material 370. As previously described, the connection elements 380 may 
comprise any suitable leads and, in one embodiment, the connection elements 380 
comprises an array of conductive balls or columns providing for a flip-chip, C4 
connection scheme. The conductive material 370 may be deposited using any suitable 
deposition technique. In one embodiment, a mask layer (not shown in FIG. 3M) is 
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deposited on the dielectric layer 350, and the conductive material is deposited using a 
blanket deposition technique, such as CVD, sputtering, or other thin film deposition 
technique. After film deposition, an etching process is performed to remove excess 
conductive material (and the mask layer) from the dielectric layer 350. In another 
embodiment, the conductive material 370 is deposited in the vias 360 using a selective 
deposition technique (e.g., electroplating, electroless plating, etc.). 
[0039] In each of FIGS. 3L and 3M (as well as FIGS. 51, 5J, and 50 and FIGS. 7F, 
7G, and 7K), each connection element 380 is illustrated as being coupled with a single 
land 375 and/or a single via 360 (filled with conductive material 370). In one 
embodiment, each of the connection elements 380 may have a dimension (e.g., diameter) 
on the order of 100 \xm, whereas the vias 360 may have a dimension (e.g., diameter) on 
the order of 5 to 10 |im. Thus, although each connection element is shown in the figures 
as being coupled with one via, it should be understood that, in practice, a connection 
element 380 may be coupled with multiple conductor-filled vias 360 (either with or 
without lands). 

[0040] Turning now to FIGS. 4A and 4B, illustrated is another embodiment of a 
method 400 of forming backside connections on a wafer stack. The embodiments of the 
method 400 shown in FIGS. 4 A and 4B are further illustrated in the schematic diagrams 
of FIGS. 5A through 50, and reference should be made to these figures as called out in 
the text. It should be noted that many of the blocks shown in the block diagrams of 
FIGS. 4 A and 4B recite features that are the same as features recited in a corresponding 
block of FIG. 2, and like reference numerals are used in each of FIGS. 4A and 4B to 
identify like features. Similarly, many of the elements shown in the schematic diagrams 
of FIGS. 5A-50 are the same as those shown in FIGS. 3A-3M, and like reference 
numerals are used in each of FIGS. 5A-50 to reference like elements. Also, in some 
instances, a description of features or elements previously described may not be repeated 
in the following text. 

[0041] Referring first to the embodiment of FIG. 4A and, in particular, to block 405 
in this figure, after formation of the first interconnect structure 314a on first wafer 310 
(see block 205) and, further, after formation of the vias 330 extending through the first 
interconnect 314a and into the first wafer substrate 310 (see block 210), both as described 
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above, a layer of dielectric material is deposited over surfaces of the vias. This is 
illustrated in FIG. 5A, where a dielectric material 540 has been deposited on the walls 
each via 330. Dielectric layer 540 functions as an insulating and/or barrier layer for a 
sacrificial material (and, ultimately, a conductive material) that is to be deposited in the 
vias 330. The dielectric material comprises any suitable dielectric or insulating material 
that can be deposited on the ILD material of first interconnect 314a and that can be 
deposited on the material of first wafer substrate 310. In one embodiment, the dielectric 
material 540 comprises an oxide (e.g., SiCh). However, it should be understood that the 
dielectric material 540 may comprise any other suitable insulating material, such as a 
nitride (e.g., Si3N 4 ) or a carbide (e.g., SiC). The dielectric material 540 may be deposited 
using any suitable deposition technique. In one embodiment, the dielectric material is 
deposited using a blanket deposition technique, such as CVD, sputtering, or other thin 
film deposition technique. A subsequent planarization process (e.g., CMP) or an etching) 
process is performed to remove excess dielectric material from surfaces of the uppermost 
ILD layer in the first interconnect structure 314a. In another embodiment, the dielectric 
material is deposited over surfaces of the vias 330 using a selective deposition technique. 
[0042] Referring to block 410, a sacrificial material is then deposited within each of 
the vias. This is illustrated in FIG. 5B, which shows a sacrificial material 545 deposited 
within each via 330 over the layer of dielectric material 540. Sacrificial material 545 will 
ultimately be removed from the vias 330 after wafer thinning, as will be described below. 
In one embodiment, the sacrificial material 545 has two characteristics. First, the 
sacrificial material 545 should have a glass transition temperature above those 
temperatures (e.g., 450° C) that the sacrificial material will experience in downstream 
processing (prior to removal). Secondly, the sacrificial material 545 should have a much 
faster etch rate in the chemical etch solution (used to remove it) than the dielectric 
material 540 deposited on the walls of vias 330. In one embodiment, the sacrificial 
material comprises a glass - e.g., a spin-on-glass, such as Accuglass™ (a registered mark 
of Honeywell IntT Inc.) - and in another embodiment, the sacrificial material comprises a 
polymer - e.g., a spin-on-polymer, such as SiLK™ (a registered mark of the Dow 
Chemical Co.). The sacrificial material 545 may be deposited using any suitable 
technique. In one embodiment, the sacrificial material is deposited using a blanket 
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deposition technique - such as the spin-on process suggested above, as well as CVD or 
sputtering - and a subsequent planarization or etching process is performed to remove 
excess sacrificial material from surfaces of the uppermost ILD layer in the first 
interconnect structure 314a. However, in other embodiments, the sacrificial material is 
deposited over the dielectric layer 540 within each via 330 using a selective deposition 
technique. 

[0043] After deposition of the sacrificial material, the second interconnect structure 
314b is formed (see block 220), as described above. This is illustrated in FIG. 5C. Note 
that, as shown in FIG. 5C, each conductor 315 of second interconnect 314b is in contact 
with (or at least in close proximity with) the sacrificial material 545 in one of the vias 
330. The first and second wafers 301, 302 are then bonded (see block 225) to form a 
wafer stack 500, as previously described, and this is illustrated in FIG. 5D. Also as 
described above, thinning of the backside 31 lb of the first wafer is performed (see block 
230) to expose the vias 330, as well as sacrificial material 545 and dielectric layer 540, 
which is also illustrated in FIG. 5D. 

[0044] After wafer thinning, a layer of dielectric material 350 is deposited on the first 
wafer's backside 31 lb (see block 235), as previously described, and this is illustrated in 
FIG. 5E. Referring to block 415, vias are then formed through the dielectric layer that 
extend to the sacrificial material. This is also illustrated in FIG. 5E, where a number of 
vias 555 has been formed, each via 555 extending through the dielectric layer 350 and to 
the sacrificial material 545 that was deposited in the original vias 330. The vias 555 in 
dielectric layer 350 - each via 555 being generally coincident with one of the vias 330 
(and sacrificial material 545) - will be used for backside connections, as will be 
explained below. Any suitable photolithography and etching processes may be employed 
to create the vias 555. 

[0045] As previously explained, after thinning of the first wafer 301, the vias 330 
and, in this instance, the sacrificial material 545 will be visible from the first wafer's 
backside 311b. These visible vias 330 (and sacrificial material 545) can be used by the 
processing equipment for registration and alignment, and in one embodiment, after wafer 
thinning, the exposed vias 330 and/or sacrificial material 545 are used by the processing 
equipment to perform registration and alignment (see block 290 in FIG. 4A). Thus, 
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alignment of the first wafer 301 (or wafer stack 300) within the processing equipment can 
take place prior to formation of the vias 555 in dielectric layer 350. 
[0046] With reference now to block 420, the sacrificial material is removed. This is 
illustrated in FIG. 5F, where the sacrificial material 545 deposited within vias 330 has 
been removed. Any suitable process may be employed to remove the sacrificial material. 
Generally, the removal process should remove the sacrificial material at a much faster 
rate that the dielectric material 540 (and the ILD material of backside interconnect 
structure 350). In one embodiment, a chemical etch process is employed to remove the 
sacrificial material. For example, an HF (Hydrofluoric acid) or a TMAH 
(Tetramethylammonium Hydroxide) solution will generally remove glasses (e.g., 
Accuglass™) faster than an oxide (e.g., Si0 2 ) or a nitride (e.g., Si 3 N 4 ). In another 
embodiment, a plasma etching process is used. By way of example, Oxygen or 
Hydrogen plasmas will generally remove polymers (e.g., SiLK™) faster than oxides 
(e.g., Si0 2 ) and nitrides (e.g., Si 3 N 4 ). 

[0047] After removal of sacrificial material 545, the result is a number of full-depth 
vias 560, each via 560 extending through the dielectric layer 350 (i.e., through vias 555) 
and, further, through the first wafer substrate 310 and first interconnect structure 314a 
(i.e., within vias 330). The walls of vias 560 within first wafer substrate 310 and first 
interconnect structure 314a comprise the layer of dielectric material 540 originally 
deposited in vias 330, whereas the walls of vias 560 within dielectric layer 350 comprise 
the dielectric material of this layer (i.e., the walls of vias 555). Each via 560 extends 
down to one of the conductors 315 in the second interconnect 314b. 
[0048] In one embodiment, after removal of the sacrificial material and formation of 
the full-depth vias, trenches are formed (see block 245), as previously described. This is 
illustrated in FIG. 5G, where trenches 365 have been formed in the dielectric layer 350, 
each trench being generally coincident with one of the vias 560 (and one of the vias 555). 
Again, the trenches, when filled with a conductive material, will form lands upon which 
conductive leads can be deposited. In an alternative embodiment, the trenches 365 are 
formed prior to formation of the vias 555. 

[0049] A conductive material is then deposited in each of these full-depth vias, as 
well as in each of the trenches, which is set forth at block 425. This is shown in FIG. 5H, 
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where a conductive material 570 has been deposited in each of the vias 560. The 
conductive material 570 has also been deposited in each of the trenches 365 to form a 
land 375. The conductive material 570 may comprise any conductive material that can 
be deposited on the dielectric material 540 and the dielectric material 350 and, further, 
that can be electrically coupled with the conductors 315 in second interconnect structure 
314b. In one embodiment, the conductive material 570 comprises Copper. However, it 
should be understood that any suitable conductive material can be deposited in the vias 
560 and, in other embodiments, the conductive material 570 comprises another suitable 
conductor (e.g., Aluminum, Gold, Silver, etc.). The conductive material 570 may be 
deposited using any suitable deposition technique. In one embodiment, the conductive 
material is deposited using a blanket deposition technique, such as CVD, sputtering, or 
other thin film deposition technique. A planarization process (e.g., CMP) or an etching 
process is then performed to remove excess conductive material from surfaces of the 
dielectric layer 350. In another embodiment, the conductive material is deposited in the 
vias 560 using a selective deposition technique (e.g., electroplating, electroless plating, 
etc.). 

[0050] After deposition of conductive material 570 in vias 560 and trenches 365, 
connections elements 380 are formed on the lands 375 (see block 255), as described 
above. The formation of connection elements 380 is shown in FIG. 51. Once again, 
when the wafer stack 500 is ultimately cut into separate stacked die, the connection 
elements 380 enable each stacked die to be connected with a next-level component (e.g., 
a package substrate, a circuit board, a motherboard, another integrated circuit device, a 
computer system, etc.). 

[0051] In an alternative embodiment, as described above, the connection elements 
380 are formed by continued deposition of the conductive material 370 (i.e., the 
connection elements 380 comprise the same conductive material as is deposited in the 
vias 560 and trenches 365). In this embodiment, a mask layer is deposited over the 
dielectric layer 350, and the conductive material 370 is deposited using a blanket 
deposition technique, such as CVD, sputtering, or other thin film deposition technique. 
An etching process is then performed to remove excess conductive material (and the 
mask layer) from surfaces of the dielectric layer 350. For this embodiment, the 
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conductive material 370 may again be deposited using a selective deposition technique 
(e.g., electroplating, electroless plating, etc.). 

[0052] In another embodiment of the method 400, which is set forth at blocks 430 
and 435 in FIG. 4 A, no trenches are formed. Referring to block 430, after removal of the 
sacrificial material, a conductive material is then deposited in each of the full-depth vias. 
This is illustrated in FIG. 5J, where a conductive material 570 has been deposited in each 
of the vias 560. As noted above, the conductive material 570 may comprise any 
conductive material that can be deposited on the dielectric material 540 and the dielectric 
material 350 and, further, that can be electrically coupled with the conductors 315 in 
second interconnect structure 314b. In one embodiment, the conductive material 570 
comprises Copper, but it should be understood that any other suitable conductive material 
can be deposited in the vias 560 (e.g., Aluminum, Gold, Silver, etc.). Deposition of the 
conductive material 570 is then continued to form connection elements, which is set forth 
at block 435. This is also illustrated in FIG. 5 J, which shows connection elements 380 
formed from the conductive material 570. As previously described, the connection 
elements 380 may comprise any suitable leads and, in one embodiment, the connection 
elements 380 comprises an array of conductive balls or columns providing for a flip-chip, 
C4 connection scheme. The conductive material 570 may be deposited using any suitable 
deposition technique. In one embodiment, a mask layer (not shown in FIG. 5 J) is 
deposited on the dielectric layer 350, and the conductive material is deposited using a 
blanket deposition technique, such as CVD, sputtering, or other thin film deposition 
technique. After film deposition, an etching process is performed to remove excess 
conductive material (and the mask layer) from the dielectric layer 350. In another 
embodiment, the conductive material 570 is deposited in the vias 560 using a selective 
deposition technique (e.g., electroplating, electroless plating, etc.). 
[0053] Referring now to FIG. 4B, a further embodiment of the method 400 for 
forming backside connections on a wafer stack is illustrated. The embodiment of FIG. 
4B proceeds in a manner similar to the embodiment of FIG. 4 A; however, after wafer 
bonding (see block 225), the backside of the first wafer is etched to expose the dielectric 
material that was deposited in the vias, as set forth in block 440. This is illustrated in 
FIG. 5K, where the backside 3 1 lb of the wafer 301 has been etched to expose a portion 
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of the dielectric layer 540 that was deposited in each of the vias 330. In one embodiment, 
a selective etching process (or selective CMP or selective grinding process) is employed 
that removes the material of substrate 310 at a faster rate than the dielectric material of 
layer 540 in vias 330. After etching of the first wafer 301, the backside 311b of first 
wafer 301 is recessed relative to the dielectric layer 540 within vias 330, and the 
dielectric layer 540 disposed within each via 330 will be visible from the first wafer's 
backside 311b. The visible dielectric layer 540 (and vias 330) can be used by the 
processing equipment for registration and alignment, and in one embodiment, after wafer 
etching, the exposed dielectric material 540 and/or vias 330 are used by the processing 
equipment to perform registration and alignment (see block 290 in FIG. 4B). 
[0054] As set forth in block 235, a layer of dielectric material is then deposited over 
the wafer's backside, as described above. This is shown in FIG. 5L, where a layer of 
dielectric material 350 has been deposited over the backside 31 lb of wafer 301, as well 
as over the surfaces of the dielectric layer 540 in vias 330. Referring to block 445, 
trenches are formed in the layer of dielectric material, and these trenches will expose the 
sacrificial material. This is shown in FIG. 5M, where trenches 585 have been formed in 
the dielectric layer 350. The trenches 585, when filled with conductive material, will 
form lands for connection elements, as previously described. During formation of the 
trenches 585, a portion of the layer of dielectric material 540 within each of the vias 330 
is also removed, thereby exposing the sacrificial material 545. Any suitable 
photolithography and etching processes may be employed to form the trenches 585. 
[0055] Referring to block 450 in FIG. 4B, the sacrificial material is then removed to 
create vias, as previously described. This is illustrated in FIG. 5N, where the sacrificial 
material 545 has been removed to form vias 580. Embodiments for removal of the 
sacrificial material were described above. As set forth in block 455, conductive material 
is then deposited in the vias and within the trenches. This is illustrated in FIG. 50, which 
shows conductive material 570 deposited within vias 580, and within the trenches 585 to 
form lands 595. Again, the conductive material 570 may comprise any conductive 
material (e.g., Copper, Aluminum, Gold, Silver, etc.) that can be deposited on the 
dielectric material 540 and the dielectric material 350 and, further, that can be electrically 
coupled with the conductors 315 in second interconnect structure 314b. The conductive 
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material 570 may be deposited using any suitable deposition technique. In one 
embodiment, the conductive material is deposited using a blanket deposition technique, 
such as CVD, sputtering, or other thin film deposition technique. A penalization process 
(e.g., CMP) or an etching process is then performed to remove excess conductive 
material from surfaces of the dielectric layer 350. In another embodiment, the conductive 
material is deposited in the vias 580 using a selective deposition technique. 
[0056] After deposition of conductive material 570 in vias 580 and trenches 585, 
connections elements 380 are formed on the lands 595 (see block 255), as described 
above. The formation of connection elements 380 is also shown in FIG. 50. In an 
alternative embodiment, as described above, the connection elements 380 may be formed 
by continued deposition of the conductive material 570 (i.e., the connection elements 380 
comprise the same conductive material as is deposited in the vias 580 and trenches 585). 
In this embodiment, a mask layer is deposited over the dielectric layer 350, and the 
conductive material 570 is deposited using a blanket deposition technique, such as CVD, 
sputtering, or other thin film deposition technique. An etching process is then performed 
to remove excess conductive material (and the mask layer) from surfaces of the dielectric 
layer 350. For this embodiment, the conductive material 570 may again be deposited 
using a selective deposition technique (e.g., electroplating, electroless plating, etc.). 
[0057] Referring now to FIGS. 6A and 6B, illustrated is a further embodiment of a 
method 600 of forming backside connections on a wafer stack. The embodiments of the 
method 600 shown in FIGS. 6 A and 6B are further illustrated in the schematic diagrams 
of FIGS. 7 A through 7K, and reference should be made to these figures as called out in 
the text. It should be noted that many of the blocks shown in the block diagrams of 
FIGS. 6 A and 6B recite features that are the same as features recited in a corresponding 
block of one of FIGS. 2, 4A, and/or 4B, and like reference numerals are used in each of 
FIGS. 6A and 6B to identify like features. Similarly, many of the elements shown in the 
schematic diagrams of FIGS. 7A-7K are the same as those shown in FIGS. 3A-3M and/or 
FIGS. 5A-50, and like reference numerals are used in each of FIGS. 7A-7K to reference 
like elements. Also, in some instances, a description of features or elements previously 
described may not be repeated in the following text. 
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[0058] Beginning with FIG. 6 A, referring to block 605, after formation of the first 
interconnect structure 314a on first wafer 310 (see block 205), after formation of the vias 
330 extending through the first interconnect 314a and into the first wafer substrate 310 
(see block 210), and after deposition of a dielectric layer 540 within the vias 330 (see 
block 405), all as described above, a conductive material is deposited within the vias. 
This is illustrated in FIG. 7 A, where a conductive material 770 has been deposited over 
the dielectric layer 540 within each via 330. The conductive material 770 may comprise 
any conductive material that can be deposited on the dielectric material 540 and, further, 
that can be electrically coupled with the conductors 315 in second interconnect structure 
314b. In one embodiment, the conductive material 770 comprises Copper. However, it 
should be understood that any suitable conductive material can be deposited in the vias 
330 and, in other embodiments, the conductive material 770 comprises another suitable 
conductor (e.g., Aluminum, Gold, Silver, etc.). The conductive material 770 may be 
deposited using any suitable deposition technique. In one embodiment, the conductive 
material is deposited using a blanket deposition technique, such as CVD, sputtering, or 
other thin film deposition technique. A planarization process (e.g., CMP) or an etching 
process is then performed to remove excess conductive material from surfaces of the 
uppermost ILD layer of the first interconnect 314a. In another embodiment, the 
conductive material is deposited in the vias 330 using a selective deposition technique 
(e.g., electroplating, electroless plating, etc.). 

[0059] After deposition of the conductive material, the second interconnect structure 
314b is formed (see block 220), as described above. This is illustrated in FIG. 7B. Note 
that each conductor 315 of second interconnect 314b is electrically coupled with the 
conductive material 770 in one of the vias 330. The first and second wafers 301, 302 are 
then bonded (see block 225) to form a wafer stack 700, as previously described, and this 
is illustrated in FIG. 7C. Also as described above, thinning of the backside 31 lb of the 
first wafer is performed (see block 230) to expose the vias 330, as well as conductive 
material 770 and dielectric layer 540, which is also illustrated in FIG. 7C. 
[0060] After wafer thinning, a layer of dielectric material 350 is deposited on the first 
wafer's backside 31 lb (see block 235), as previously described, which is illustrated in 
FIG. 7D. Referring to block 610, vias are then formed through the dielectric layer that 
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extend to the conductive material. This is also illustrated in FIG. 7D, where a number of 
vias 755 has been formed, each via 755 extending through the dielectric layer 350 and to 
the conductive material 770 that was deposited in the original vias 330. Each via 755 is 
generally coincident with one of the vias 330, and the vias 755 in dielectric layer 350 are 
to be used (in conjunction with the conductive material 770 in vias 330) for backside 
connections, as will be explained below. Any suitable photolithography and etching 
processes may be employed to create the vias 755. 

[0061] As described above, after thinning of the first wafer 301, the vias 330 and, in 
this instance, the conductive material 770 will be visible from the first wafer's backside 
3 1 lb. These visible vias 330 (and conductive material 770) can be used by the 
processing equipment for registration and alignment, and in one embodiment, after wafer 
thinning, the exposed vias 330 and/or conductive material 770 are used by the processing 
equipment to perform registration and alignment (see block 290 in FIG. 6). Thus, 
alignment of the first wafer 301 (or wafer stack 300) within the processing equipment can 
take place prior to formation of the vias 755 in dielectric layer 350. 
[0062] In one embodiment, after formation of the vias in the dielectric layer, trenches 
are formed (see block 245), as previously described. This is illustrated in FIG. 7E, where 
trenches 365 have been formed in the dielectric layer 350, each trench being generally 
coincident with one of the vias 330 (and one of the vias 755). In an alternative 
embodiment, the trenches 365 are formed prior to formation of the vias 755. 
[0063] After formation of the vias extending through the dielectric layer and the 
trenches, a conductive material is deposited in each of the vias and trenches, as set forth 
at block 615. This is shown in FIG. 7F, where a conductive material 771 has been 
deposited in each of the vias 755 and, further, in each of the trenches 365 to form lands 
375. The conductive material 771 may comprise any conductive material that can be 
deposited over the material of dielectric layer 350 and, further, that can be electrically 
coupled with the conductive material 770 in underlying vias 330. Generally, the 
conductive material 771 deposited in vias 755 will comprise the same conductive 
material as that deposited in the underlying vias 330; however, in another embodiment, 
the conductive materials 770, 771 are not the same. In one embodiment, the conductive 
material 771 (and perhaps conductive material 770) comprises Copper. However, it 
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should be understood that any suitable conductive material can be deposited in the vias 
755 and, in other embodiments, the conductive material 771 comprises another suitable 
conductor (e.g., Aluminum, Gold, Silver, etc.). The conductive material 771 may be 
deposited using any suitable deposition technique. In one embodiment, the conductive 
material is deposited using a blanket deposition technique, such as CVD, sputtering, or 
other thin film deposition technique. A planarization process (e.g., CMP) or an etching 
process is then performed to remove excess conductive material from surfaces of the 
dielectric layer 350. In another embodiment, the conductive material is deposited in the 
vias 755 (and trenches 365) using a selective deposition technique (e.g., electroplating, 
electroless plating, etc.). 

[0064] Connections elements 380 then are formed on the lands 375 (see block 255), 
as described above. The formation of connection elements 380 is also shown in FIG. 7F. 
When the wafer stack 700 is ultimately cut into separate stacked die, the connection 
elements 380 enable each stacked die to be connected with a next-level component (e.g., 
a package substrate, a circuit board, a motherboard, another integrated circuit device, a 
computer system, etc.), as previously described. 

[0065] In an alternative embodiment, the connection elements 380 are formed by 
continued deposition of the conductive material 771 (i.e., the connection elements 380 
comprise the same conductive material as is deposited in the vias 755 and trenches 375). 
In this embodiment, a mask layer is deposited over the dielectric layer 350, and the 
conductive material 771 is deposited using a blanket deposition technique, such as CVD, 
sputtering, or other thin film deposition technique. An etching process is then performed 
to remove excess conductive material (and the mask layer) from surfaces of the dielectric 
layer 350. For this embodiment, the conductive material 771 may again be deposited 
using a selective deposition technique (e.g., electroplating, electroless plating, etc.). 
[0066] In another embodiment of the method 600, which is set forth at blocks 620 
and 625 in FIG. 6A, no trenches are formed. Referring to block 620, after formation of 
vias in the dielectric layer, a conductive material is deposited in each via of the dielectric 
layer. This is illustrated in FIG. 7G, where a conductive material 771 has been deposited 
in each of the vias 755. As previously described, the conductive material 771 may 
comprise any conductive material that can be deposited over the material of dielectric 
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layer 350 and, further, that can be electrically coupled with the conductive material 770 
in underlying vias 330. Generally, the conductive material 771 deposited in vias 755 will 
comprise the same conductive material as that deposited in the underlying vias 330; 
however, in another embodiment, the conductive materials 770, 771 are not the same. In 
one embodiment, the conductive material 771 (and conductive material 770) comprises 
Copper, but in other embodiments, the conductive material 771 comprises another 
suitable conductor (e.g., Aluminum, Gold, Silver, etc.). Deposition of the conductive 
material 771 is then continued to form connection elements, which is set forth at block 
625. This is also illustrated in FIG. 7G, which shows connection elements 380 formed 
from the conductive material 771. As previously described, the connection elements 380 
may comprise any suitable leads and, in one embodiment, the connection elements 380 
comprises an array of conductive balls or columns providing for a flip-chip, C4 
connection scheme. The conductive material 771 may be deposited using any suitable 
deposition technique. In one embodiment, a mask layer (not shown in FIG. 7G) is 
deposited on the dielectric layer 350, and the conductive material is deposited using a 
blanket deposition technique, such as CVD, sputtering, or other thin film deposition 
technique. After film deposition, an etching process is performed to remove excess 
conductive material (and the mask layer) from the dielectric layer 350. In another 
embodiment, the conductive material 771 is deposited in the vias 755 using a selective 
deposition technique (e.g., electroplating, electroless plating, etc.). 
[0067] Referring now to FIG. 6B, a further embodiment of the method 600 for 
forming backside connections on a wafer stack is illustrated. The embodiment of FIG. 
6B proceeds in a manner similar to the embodiment of FIG. 6A; however, after wafer 
bonding (see block 225), the backside of the first wafer is etched to expose the dielectric 
material that was deposited in the vias, which is set forth at block 630 in FIG. 6B. This is 
illustrated in FIG. 7H, where the backside 31 lb of the wafer 301 has been etched to 
expose a portion of the dielectric layer 540 that was deposited in each of the vias 330. In 
one embodiment, a selective etching process (or selective CMP or selective grinding 
process) is employed that removes the material of substrate 310 at a faster rate than the 
dielectric material of layer 540 in vias 330. After etching of the first wafer 301, the 
backside 31 lb of first wafer 301 is recessed relative to the dielectric layer 540 within vias 
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330, and the dielectric layer 540 disposed within each via 330 will be visible from the 
first wafer's backside 311b. The visible dielectric layer 540 (and vias 330) can be used 
by the processing equipment for registration and alignment, and in one embodiment, after 
wafer etching, the exposed dielectric material 540 and/or vias 330 are used by the 
processing equipment to perform registration and alignment (see block 290 in FIG. 6B). 
[0068] As set forth in block 235, a layer of dielectric material is then deposited over 
the wafer's backside, as described above. This is shown in FIG. 71, where a layer of 
dielectric material 350 has been deposited over the backside 31 lb of wafer 301, as well 
as over the surfaces of the dielectric layer 540 in vias 330. Referring to block 635, 
trenches are formed in the layer of dielectric material, and these trenches will expose the 
conductive material in the vias. This is shown in FIG. 7J, where trenches 785 have been 
formed in the dielectric layer 350. The trenches 585, when filled with conductive 
material, will form lands for connection elements, as previously described. During 
formation of the trenches 785, a portion of the layer of dielectric material 540 within each 
of the vias 330 is also removed, thereby exposing the conductive material 770. Any 
suitable photolithography and etching processes may be employed to form the trenches 
785. 

[0069] Referring to block 640, conductive material is then deposited in the trenches. 
This is illustrated in FIG. 7K, which shows conductive material 771 deposited within the 
trenches 785 to form lands 795. Again, the conductive material 771 may comprise any 
conductive material that can be deposited over the material of dielectric layer 350 and, 
further, that can be electrically coupled with the conductive material 770 in underlying 
vias 330. Generally, the conductive material 771 deposited in trenches 785 will comprise 
the same conductive material (e.g., Copper, Aluminum, Gold, Silver, etc.) as that 
deposited in the underlying vias 330; however, in another embodiment, the conductive 
materials 770, 771 are not the same. The conductive material 771 may be deposited 
using any suitable deposition technique. In one embodiment, the conductive material is 
deposited using a blanket deposition technique, such as CVD, sputtering, or other thin 
film deposition technique. A planarization process (e.g., CMP) or an etching process is 
then performed to remove excess conductive material from surfaces of the dielectric layer 
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350. In another embodiment, the conductive material is deposited in the trenches 785 
using a selective deposition technique. 

[0070] After deposition of conductive material 771 in trenches 785, connection 
elements 380 are formed on the lands 795 (see block 255), as described above. The 
formation of connection elements 380 is also shown in FIG. 7K. In an alternative 
embodiment, as described above, the connection elements 380 may be formed by 
continued deposition of the conductive material 771 (i.e., the connection elements 380 
comprise the same conductive material as is deposited in the trenches 785). In this 
embodiment, a mask layer is deposited over the dielectric layer 350, and the conductive 
material 771 is deposited using a blanket deposition technique, such as CVD, sputtering, 
or other thin film deposition technique. An etching process is then performed to remove 
excess conductive material (and the mask layer) from surfaces of the dielectric layer 350. 
For this embodiment, the conductive material 771 may again be deposited using a 
selective deposition technique (e.g., electroplating, electroless plating, etc.). 
[0071] Various embodiments of methods 200, 400, 600 for forming backside 
connections on a wafer stack having been herein described, those of ordinary skill in the 
art will appreciate the advantages of the disclosed embodiments. Backside connections 
are formed without the need to achieve registration between features being formed on a 
wafer's backside and features constructed at the wafer's front side. Where vias are 
formed at the wafer's backside, other features (e.g., vias, oxide plugs, etc.) formed at the 
opposing side are visible after wafer thinning and can be used for registration and 
alignment. Thus, alignment is readily maintained for those structures used to create 
backside connections, thereby providing a simplified process flow, lower costs, and 
higher yields. In addition, the electrical connections between the backside interconnects 
and the interconnect structure formed on the bonded wafer can take place at any desired 
ILD layer within the wafer's interconnect structure. 

[0072] The foregoing detailed description and accompanying drawings are only 
illustrative and not restrictive. They have been provided primarily for a clear and 
comprehensive understanding of the disclosed embodiments and no unnecessary 
limitations are to be understood therefrom. Numerous additions, deletions, and 
modifications to the embodiments described herein, as well as alternative arrangements, 
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may be devised by those skilled in the art without departing from the spirit of the 
disclosed embodiments and the scope of the appended claims. 
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